PCM (Phase Change Material) enhanced heat transfer of various techniques are summarized and discussed, including adding metal filler, adding graphite, micro-encapsulated, ribbed slices, composite PCM and so on. The development trend of the PCM is forecast as well.
INTRODUCTION
PCM (Phase Change Material) is one kind of material which can absorb or release lots of energy by phase change, also be called as LTES (latent heat energy storage). Its equipment has the advantage of small volume and high thermal efficiency. However, PCM also has the shortcomings of low thermal conductivity coefficient, such as paraffin and fatty acid materials, etc. And their practical application are limited to some extent. Therefore, how to improve the performance of its thermal conductivity and extend its applied range become the research focus.
In order to improve the thermal conductivity property of PCM, the measures taken are usually adding metal filler, graphite, carbon fiber, micro-encapsulated, ribbed or taking different PCM together as composite PCM and so on.
THE STATUS BOTH AT HOME AND ABROAD

Add metal filler
Metals are good heat conductors .Researchers usually use various of ways to insert the metal into the PCM, in order to improve its thermal conductivity property.
In 1992, Hoogendoorn [1] and other researchers studied the organic phase transition materials of solar thermal storage systems. The results showed that when embedded 1% ~ 5% volume fraction of aluminum matrix, the reinforcement factor of PCM can increase from 0 to 2%. At the same time, the numerical model for transient heat transfer of heat storage system was established under experimental conditions. Chow [2] and others have studied LiH as the heat transfer enhancement of PCM. They analyzed two different ways of reinforcing heat transfer.one is to encapsulate LiH in a large cylindrical container with full of Li. The other is to distribute the Ni evenly in LiH to get M/PCM. The results showed that the 2nd way was better, and the heat transfer of the LiH with 5% Ni was the best. Khan [3] and others have studied the solidification heat transfer characteristics of PCM with aluminum, iron, copper, aluminum silicon alloy and so on. The results showed that the movement rate of the solid-liquid interface mostly determined by the ratio of the thermal coefficient of the addition to the PCM after melting. Ettouney [4] and others have studied the heat transfer effect on the dual heat storage system with adding metal mesh and metal balls in different diameters and contents. The results showed that when the heat load in the system almost the same, the metal ball of 2% volume fraction was added , the Fo number of PCM reduced to 1/4 of the original, the Nu number increased 3 times. Zhu Xun [5] and others have studied the effect on the heat storage and release performance of additives in paraffin phase spiral coil heat accumulator. The paraffin additives were copper powder, silicon powder and stainless steel. The results showed that the stainless steel ribbon could strengthen the thermal conductivity of paraffin, and the temperature distribution in the accumulator was the most uniform. Eman-Bellah [6] and others have studied in solar heat storage systems based on paraffin, which added aluminum powder to improve thermal conductivity. They added the aluminum powder of 80µm grain size and 0.5% mass fraction. The results showed that when the aluminum powder added, heat storing time would be shortened about 60%. In the process of heat releasing , the water temperature increased faster than the pure paraffin under different water flow rates. Zhang Yinping [7] and others have studied in the phase change heat storage material with adding copper powder and aluminum powder. The results showed that when the mass fraction of 5% ~ 20% of aluminum and copper powder added into the paraffin , the thermal conductivity coefficient would be increased by 20% ~ 48% and 11% ~ 48%; When the mass fraction of 5% ~ 20% of aluminum and copper powder added into the fatty acid, the thermal conductivity coefficient would be increased by 23% ~ 56% and 13% ~ 56%. Above researches show that the metal has high thermal conductivity, When added into the PCM, its heat transfer performance can obviously enhanced. However, there may be some incompatibilities between some metals and the PCM. For example, the aluminum has good compatibility with the paraffin, but copper or nickel and paraffin are incompatible. It restricts the implementation of the improved heat transfer method to a certain extent .
Add graphite
Graphite has a unique crystal structure, good thermal conductivity, non-toxic, So it can be widely used for the improvement of PCM thermal conductivity.
Xavier [8] and other researchers studied with Paraffin/porous-graphite-matrix composite PCM which took graphite as support material. The porous-graphite-matrix composite means that paraffin was adsorbed in the porous structure of graphite matrix. The quality ratio of Paraffin/porous-graphite-matrix composite was 65% ~ 95%. The research results showed that the thermal conductivity coefficient of the composites was 4 ~ 70 W/(m·K), as the same as the porous graphite substrate. And the pure paraffin was 0.24 W/(m·K) . Meanwhile , the solidification time of the complex was shortened. Cabeza [9] and other researchers studied with the heat transfer problem of ice as a reservoir material .They analyzed three ways of strengthening heat transfer, They respectively were adding stainless steel, copper and graphite to the ice water. The experimental results showed that the graphite powder was the best. Xiao Min [10] and other researchers studied in paraffin wax and thermoplastic elastomer SBS compound. Once expanded graphite added, the heat transfer performance has been significantly improved, and its heating time would be shortened by 61% compared to pure paraffin. The microstructure and thermal properties of the composite PCM of wax/expanded graphite were studied by Zhang Zhengguo and others [11] . The results showed that the expanded graphite was still in its porous form after adsorbed by paraffin wax. The phase transition temperature of the composite phase change heat storage material and paraffin wax were similar, and the heat storage time of 80% paraffin composite phase change heat storage material was 69.7% less than pure paraffin, as for heat release time, were reduced by 80.2%. Sari, etc. Sari [12] and others studied in the thermal conductivity and latent heat thermal energy storage characteristics of paraffin/expanded graphite composite as PCM. The research showed that composite PCM has the same latent heat as pure paraffin. When the mass fraction of graphite was 10%, the paraffin in the liquid state would not leak, and the thermal conductivity coefficient has been improved significantly compared to pure paraffin.
Above researches show that PCM adding graphite generally become an amorphous PCM, it can stay in solid form, and could not leak, So it do not need to encapsulate. But there are also some drawbacks of the phase transition materials. Due to the small physical forces , PCM and support materials usually easy to take off the attached. And its preparation process is complex ,the best proportion of support material and PCM and appropriate preparation technology are still need to explore.
Micro-encapsulated ( MEPCM )
MEPCM means micro encapsulated phase change material, it's the application of micro-encapsulated technology in PCM. A layer of stable performance of membrane is coated on the surface of the composite PCM with core-shell structures.
Haw [13] and others studied with a potential heat storage system, including a spherical polyethylene capsule that took water and the salt Mg (NO3)2 · 6H2O together ,and a water tank. The research showed that the solidification time is significantly reduced. Rao Yu [14] and others studied with MEPCMs prepared by melamine resin and 22 alkane. The research results showed that MEPCMs have higher heat storage capacity (156 kJ/kg), and its thermal performance stable within 0 ~ 180℃.With the advent of MEPCMs, the latent functional fluid, consisting of solid phase and liquid phase ,which added MEPCMs into a single-phase fluid. This new fluid can offer 10 ~ 40 times as the heat capacity of the general fluid, It also can increase the flow of Nu by 2 ~ 3 times .A large number of scholars have carried out this research. [15] .
Nowdays, Nano-encapsulated PCM as a new type of heat transfer and heat storage medium, will be the main research direction of MEPCM. However, with the size of the particle size decreased, the over-cooling of the capsule becomes more and more. So the heat resistance may decrease as the size of the capsule decreases.
Add ribbed slices
Some researchers have analyzed the influence on the heat transfer process of adding the straight rib to the column by experiment .The isotherm heat transfer fluid was in the heat storage unit tube, and the straight rib and PCM were out of the unit tube. The results showed that the length, quantity and the superheat of the PCM had a significant influence on the heat release time, but the thickness of the straight rib is not very important. After that ,they also analyzed the ribbed slices by numerical calculation. First of all, they established the theoretical model on the basis of the enthalpy method and the finite difference method. PCM was studied in the numerical circular tube with vertical ribbed slices, by one-dimension and two-dimension model for with rib and without rib. The results showed that ribbed slices enhance the heat exchange efficiency was obviously, and the v-shaped structure could bring maximum heat transfer efficiency of PCM.
It is a more commonly used method to strengthen heat transfer by adding ribbed slices in storage systems .However, how to choose appropriate ribbed slices, including size, shape and arrangement and so on, can achieve the best heat transfer enhancement, which is the focus of the scholars' study.
Composite PCM
In order to get the appropriate phase change temperature of PCM, at the same time, the thermal conductivity performance of PCM can be improved, Scholars combines the existing several kinds of PCM with a new PCM. Combination of PCM mainly has two ways: one way is that two or more than two kinds of different phase transition temperature of PCM are placed cross the flow direction of heat transfer fluid or in the same thermal storage unit; The other way is that two or more than two kinds of different thermal storage units are placed along the flow direction of heat transfer fluid. Many scholars made a lot of experiments and theoretical analysis in this aspect. The results showed that the combination method could get more suitable PCM, it also can strengthen the heat transfer effect in the energy storage system. However, How to combine several types of PCM into the suitable composite PCM is still need to the further research.
PROBLEMS THAT EXISTING
In addition to the above methods of strengthening the heat transfer, there are many other methods, such as artificial neural networks, and the sulfonation of PCM. But regardless of each method or means ,there are still some problems to be noted.
(1) The energy storage system tends to be small and light, and the storage capacity of the PCM is higher. This is a higher requirement for adopting appropriate heat transfer method.
(2)The reversibility and stability of the PCM need the further improve. Such as the degradation of the material due to many times of heat circulation, the compatibility between the substrate materials and the additives.
(3) Economic issues, that is to say, the materials cost. Obviously, the low cost, the better, but It should be satisfy itself.
CONCLUSION AND TREND
With the progress and development of science and technology, the application of PCM is becoming more and more widely, and lots of strengthening measures for heat transfer are coming out. Especially the recent study of nano-technology has provided a good opportunity and foundation for the preparation of high-performance nano-compound PCM [16] .The nano-particles which as additives can play an important role in improving the heat transfer properties of composites. Liu yudong [17] reported that after adding 1.13%TiO2 nano-particles to the BaCl2 ·H2O solution, the thermal conductivity of the materials has increased by 16.74%. However, the particle size of nanometer particles , the state of aggregation, the temperature and other parameters on the influence of the thermal conductivity are still need more theoretical and experimental clarification [18] .
This Nanometer materials with nanometer size effect, has the advantages of big and strong specific surface effect and interface interaction effect , can provide a new approach to improve the heat transfer performance of PCM, and different nano-materials impact on heat transfer performance of PCM and its mechanism of action remain to be further in-depth study, in order to study the good heat conduction performance , economic, portable high-performance PCM.
